Background: A major share of the hospital budget is spent on drugs. Irrational use of these drugs is a waste of financial and human resources that could have been deployed for another use within the hospital setting especially in cases where such drugs are provided free to patients. Also there is increased morbidity and progression of severity with irrational use. The objective of this study was to determine the irrational use of chloroquine and the subsequent cost implications in Lagos State general hospitals. Methodology: A retrospective study period of one year (January to December, 2000) was selected. A total of 18,781 prescription forms of "Free Eko Malaria" were sampled for children and adults from all the Lagos State general hospitals. Drug costs in each prescription form were identified. Cost effectiveness analysis of chloroquine tablet and intramuscular injection was undertaken. Results: The average cost of medicine per prescription was N 132.071 ($1.03) which should have been N 94.22 ($0.73) if prescribed rationally. The total cost of prescriptions for malaria under study was N 2,480,425.00 ($19,348.09). About 68% {(N 1,679,444.00) ($13,100.19)} of the total cost was lost to irrational prescribing. This is a waste of scarce resources. When the prescriptions were differentiated into the different dosage forms prescribed, the prescriptions containing intramuscular injections only had over 90% of the cost lost to irrational prescribing. Cost effectiveness analysis showed that chloroquine tablet was 17 times more cost effective than chloroquine injection (intramuscular) from a health care system perspective while it was 14 times more cost effective from a patient perspective. Conclusion: There is waste of scarce resources with irrational dispensing of drugs and these resources could have been deployed to other uses or areas within the hospitals. The tablet chloroquine was more cost effective than injection chloroquine (intramuscular). Increasing the cost of tablets, decreasing effectiveness of tablets, decreasing the cost of injections and increasing the effectiveness of injections did not change the cost effectiveness conclusion.
Introduction
Rational use of medicines requires that "patients receive medications appropriate to their clinical needs, in doses that meet their own individual requirements, for an adequate period of time, and at the lowest cost to them and their community" [1] . This definition was formulated at the Conference of Experts on the Rational Use of Drugs held in Nairobi in 1985.
Treatment with medicines is one of the most cost-effective medical interventions known, and the proportion of national health budgets spent on medicines ranges between 10% and 20% in developed countries and between 20% and 40% in developing countries.
Rational use of medicines for all medical conditions is fundamental to the provision of universal access to adequate health care, satisfying health-related human rights and attaining health-related Millennium Development Goals. The World Health Organization (WHO) has thus been working to ensure that medicines are used in a therapeutically sound and cost-effective way by health professionals and consumers in order to maximize the potential of medicines in the provision of health care [2] . Thus, the scope of rational or good quality use of medicines covers the elimination of their overuse and underuse and lack of adherence to treatment.
Irrational or non-rational use is the use of medicines in a way that is not compliant with rational use as defined above. Worldwide more than 50% of all medicines are prescribed, dispensed, or sold inappropriately, while 50% of patients fail to take them correctly. Inappropriate use and over-use of medicines waste resources-often out-of-pocket payments by patients-and result in significant patient harm in terms of poor patient outcomes and adverse drug reactions. Furthermore, over-use of antimicrobials is leading to increased antimicrobial resistance and non-sterile injections are increasing the transmission of hepatitis, HIV/AIDS and other blood-borne diseases. Finally, irrational over-use of medicines can stimulate inappropriate patient demand, and lead to reduced access and attendance rates due to medicine stock-outs and loss of patient confidence in the health system [ http://www.who.int/medicines]. The review by Hardon and Le Grand reports the medical effects of inappropriate use of drugs [3] .
Malaria is a curable and preventable disease and it is a major public health problem in Nigeria. In Nigeria, it is a major cause of morbidity and it is still one of the major causes of hospital attendance according to the Federal Ministry of Health [4] . It exists as both uncomplicated and severe forms. If the uncomplicated case is not managed promptly and effectively then it can progress to severe malaria which is a more serious problem that can lead to death. At the time of this study chloroquine was the first-line drug for uncomplicated malaria in Nigeria though recently the first-line drug has been changed to Artemisinin based Combination Therapy [4, 5] but there is the possibility that chloroquine may still come back on the scene in Nigeria in the future as is the case in Malawi where chloroquine is again an efficacious treatment of malaria 12 years after it was withdrawn from use [6] . The change was necessitated by the fact that there is therapeutic failure to chloroquine which is due to a lot of factors including inappropriate dosage which is a form of irrational use [7, 8] .
This aim of this study was to determine the irrational use of chloroquine and the subsequent cost implications in Lagos State general hospitals, Lagos State, Nigeria, where malaria is treated free under the "Free Eko Malaria" program.
Materials and Methods

Study area and population
The study was carried out in Lagos State which has twenty local governments. Population of the state is projected to be about 10 million based on the 1991 census using a 6% incremental rate. All ten general hospitals in Lagos State were studied.
Data collection
A retrospective study period of one year (January to December, 2000) was selected. A total of 18,781 prescription forms of "Free Eko Malaria" were sampled for children and adults from Lagos State general hospitals. The prescription forms were sampled using a systematic sampling method [9] . Cost of drugs in each prescription form were determined using the prices obtained from the hospitals except for drugs that were donated, prices of which were obtained from wholesalers. Cost of needles and syringes and cotton swabs were incorporated in prescriptions containing injections (intramuscular).
Total cost of prescriptions and average drug cost per prescription were calculated. Rational and irrational prescribing was determined by calculating the dosage of chloroquine prescribed using the formula: F = T / R, where, F = Fraction of total dosage recommended in relation to age; T = Total dosage prescribed in relation to age; and, R = Total dosage recommended in relation to age. Correct Dosage is F = 1.0 + 0.2 i.e. 0.8 to 1.20 (80 to 120 % of total recommended dose). Incorrect dosage is F < 0.80 (classified as underdose) and F >1.20 (classified as overdose).
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Cost effectiveness analysis of chloroquine tablet and injection
Cost effectiveness analysis was conducted using a decision table [10] . The criteria used were spectrum of activity (parasite clearance), pharmacokinetics (bioavailability), frequency of administration, safety on administration, and adverse drug reaction/side effect. Cost effectiveness analysis of chloroquine tablet and intramuscular injection was calculated using bioavailability data from literature [11] , frequency of administration [12] , and by making some assumptions to calculate the criterion rating (Table  1 ) and effectiveness rating ( Table 2 ). The unit cost of drug and other items required to administer the drugs used in this study were employed to calculate medical costs (Appendix, Table 6 ). Annual salaries of pharmacist I, senior pharmacist, staff nurse and senior nursing officers in Lagos State were used to calculate personnel costs (Appendix, Table 7 ). 
Data Analysis
The data were analyzed using EPI Info Version 6 (EPI-6 Info) statistical software [13] .
Results
Dosage of Chloroquine (CQ) in the Prescriptions
Over 50% of the prescriptions were irrational (Table 3) . When the prescriptions were separated into different dosage forms prescribed, over 90% of prescriptions with intramuscular injection only were irrational while only about 11% of prescriptions with tablets only (Appendix , Table 8 ) were irrational. Chi square test showed that all the differences in proportion were statistically significant (p< 0.0001)
Cost of prescriptions
About 68% of the total cost of prescriptions was lost to irrational prescribing (Table 3) . When the prescriptions were separated into different dosage forms prescribed, over 90% of the cost of prescriptions with injection only was lost to irrational prescribing while only about 11% was lost for prescriptions with tablet only (Table 4) . Chi square test showed that all the differences in proportion were statistically significant (p<0.0001) 
Cost effectiveness analysis
Tablet form was 17 times more cost effective than intramuscular injection from a health system perspective and 14 times more cost effective from a patient perspective (Table 5 ). Tablet form was more cost effective at all levels of sensitivity test both from health system and patient perspectives (Appendix, Tables 9 and 10). Tablet Chloroquine was found to be 17 times more cost-effective than Injection Chloroquine (intramuscular).
Discussion
From the prescriptions surveyed it was discovered that the lowest percentage of correct dose was observed where injection chloroquine only was prescribed while the highest percentage of correct dose of chloroquine was observed when tablet chloroquine only was prescribed.
Underdosage was a major problem when injection chloroquine only is prescribed. Reports in the literature indicate that underdosage is implicated in chloroquine resistant malaria [7, 8] . Oral dosage form should be encouraged to be prescribed with injection in order to complete the dosage. The number of doses required to attain complete dosage for injection chloroquine only in an adult are about 7 to 8 which have to be given every 6 or 8 hours [12] ; this is not convenient for ambulatory patients. Also the cost of injection and its administration was found to be higher than that of oral dosage form. In addition, side effects or adverse effects to chloroquine injection are lifethreatening and these include hypotension, cardiac arrest, cardiac depression and cardiac arrhythmia [11, 12] . The scourge of HIV/AIDS, hepatitis, poliomyelitis etc. in the country militates against use of injection because of cross-infection and there is the possibility of injection abscess which results in additional costs to the patient [14, 15] . From the cost effectiveness analysis chloroquine tablet was found to be more cost effective than the injection and this remained valid even with the sensitivity tests whether from a patient perspective or a health system perspective.
The cost of giving tablets was low; furthermore, adverse effects are minimal with tablet dosage form and the possibility of completing the dose is high. For these reasons, injection should be discouraged and tablet chloroquine encouraged.
Consequences of irrational drug use may even include deaths from resistant organisms. Expenditure that could be used more cost effectively allowing patients greater access to drugs and other healthcare benefits and to produce greater benefits for patients under rational use of drug is being wasted. In conclusion, correct dosage was obtained more when tablet chloroquine only was prescribed than any other dosage form. Under-dosage was a major problem when intramuscular injection chloroquine only was prescribed than any other dosage form.
From the results of the cost-effectiveness analysis the tablet chloroquine was more cost effective than the injection chloroquine. Increasing the costs of tablets, decreasing effectiveness of tablets, decreasing the costs of injections and increasing the effectiveness of injections did not change the cost effectiveness conclusion.
It is suggested that tablet chloroquine should be used to treat uncomplicated malaria in our hospitals and where injection cannot be avoided, in case of vomiting patients, the injection should be followed by tablet as soon as the vomiting stops to complete the dose. This study provides evidence that irrational use wastes resources. Time for dispensing tablet by the pharmacist = 52 sec. Time for administering the injection by the nurse = 85 sec. The cost here is based on the patient perspective. If only the health care system perspective is considered then the total cost for chloroquine tablet is N21.33 and for injection is N256.184. Table 7 . Health care personnel cost.
Mean Salary/Second = Annual Salary/(Hours/Week x Weeks/Annum x 3600s). Table 8 . Correct and incorrect prescriptions in relation to dosage forms prescribed.
INCORRECT (Irrational) = OVERDOSE + UNDERDOSE; n = number of prescriptions; INJ = Injection. Table 9 . Cost per unit of effectiveness for different sensitivity tests using health system perspective. Table 10 . Cost per unit of effectiveness for different sensitivity tests using patient perspective.
